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67 ABSTRACT

A switch matrix 10 is provided comprising a plurality of
input modules X and a plurality of output modules P. Each
input module 16 has a plurality of first input interconnec-
tions 14, a plurality of first interconnected switches 21, and
a plurality of first output interconnections 20. Each output
module 18 has a plurality of second input interconnections
23, a plurality of second interconnected switches 24, and a
plurality of second output intercoanections 20, The plurality
of input modules X is electrically coupled 1o the plurality of
output modules P, forming a plurality of signal paths 12
having a plurality of intcrconnected switches K per signal
path 12. A method is also provided minimizing the total
number of interconnected switches Z within the switch
matrix 10 for a particular application. The method comprises
determining switch matrix design requirements, calculating
the values of X and P, and performing an integer partitioning
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SWITCH MATRIX

TECHNICAL FIELD

[0001] The present invention relates generally to a swilch
matrix particularly suited for satellitc communication appli-
cations and more particularly, to an apparatus and method
for minimizing the quantity of interconnected switches
within the switch matrix.

BACKGROUND OF THE INVENTION

f0002] Various systems exist that require a large number
of multi-channel configurations in which many inputs are
interconnected 10 many outputs such as in communication
systems. To satisfy this nced, switching networks have been
developed containing tens to thousands of interconnected
switches. These switching networks include decomposing or
partitioning a variable number of inputs (N) to a variable
number of outputs (M). An example of this is a telephone
communication network that uses non-blocking switch
matrices, which allow any combination of N inputs to be
connected lo M outpuls. A non-blocking switch is defined as
one where any combination of M of N inputs can be
connected to the M outputs and existing connections within
the switch matrix need not be modified when a new con-
nection is made.

[0003] A direct measure of the complexily of a swilch -

matrix is the number of interconnecting switches required to
implement the switching. In satellite communication sys-
‘tems and other communication systems; there is a continu-
ing effort to decrease the quantity of the switches in a switch

matrix while increasing the degree of signal isolation and

i redundancy of the switch malny

[0004] Weight is a concern for satellite communication
systems. Satellite communication systems usm}, switch
matrices may be very heavy, and fhe weight is dm:(.lly
re]aled lo lhe size of lhe swilch matrix. For example a s\)\ﬁllch

approxnmalcl

Bt icaiimiias
.- interconnectings wiich “Count is to reduce the amount of
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paths from the K paths must fail before the switch matrix is
unable to route the signals. Therefore, increasing the redun-
dancy within a switch matrix increases the reliability of the
commuanication system. Unfortunaiely, improvement in
redundancy corresponds to an increase in the total switch
count within a switch matrix. The ability to improve the
redundancy in a switch matrix by increasing K in small
increments is an important advantage since the complexity
as well as the reliability increases as K increases. Thus, the
ability to increase K by small amounts can improve reli-
ability while not increasing complexity.

[00073 One solution, which is fundamental to other meth-
ods in the art, is a non-blocking crossbar network. The
non-blocking crossbar network has two approaches shown
in FIGS. 1A and 1B. The first approach has a single pole
single throw (SPST) switch at cach interconnection. The
second approach has two SPST switches at each intercon-
nection.

[0008] Referring now to FIG. 1A, a conventional crossbar
switch matrix having a SPST switch at each connection is
shown. N input ports 1 are connected to N input circuits 2
containing 1:M power splitters 3 and M interconnect
swilches 4. One interconnect switch 4 of each of the N inpul
circuits 2 is connected 1o the N inputs of an outpul circuit §.
Each of the M output circuits 5 consist of an N:1 power
combiner 6.

[0009] Referring now also to FIG. 1B, a conventional
crossbar switch matrix having two SPST switches per con-
nection is shown. Each of the M output circuits § consists of
an N: 1 power combiner 6 plus N switches 7.

[0010] In both approaches, M of the N input signals is
routed to the M output ports 8. The first approach has NxM
~7SPST interconnected switches 9. The second approach has
-2xNxM SPST switches 9. Although the second approach has
twice the number of interconnected switches 9, it also has

ﬂ_lwioc the degree of isolation between unused conneclions

and the desired signal. The non-blocking simple crossbar
switching network is applicable for broadcast mode in which
a given ioput can be connected to any number of outputs,

hardwarc électronics, power splitiers, and swilches within a ‘\md non-broadcast mode in which at most one output is

communication systern lhereby lowering costs and reducmg
wctght [

[0005] The degree of isolation in a switch matrix is related
to the level of unwanted interference on a desired output
signal from other disjoint inputs. In large switch matrices,
the large number of disjoint signals, can cause an unaccept-
able amount of interference on a given signal. Each addi-
tional switch per signal path increases the isolation of the
signals within a syslem. For example, an increase of inter-
connecling a single switch in a signal path increases the level
of isolation by 20-40 db at microwave frequencies. There-
fore, an increase in the number of switches may be desirable
to improve isolation, but the corresponding increase in size
and weight may be unacceptable.

[0006] Redundancy of the switch matrix corresponds to
the versatility and ability, in case of a failure, to reroute a
signal around the failing component. Hence, more potential
signal paths for rerouting are desirable to circumvent fail-
ures. A measure of redundancy is the number of available
paths K for a given number of required paths K' The
redundancy is stated as K for K", which means that K-K'+1

connected to a given input. The power splitters 3 and

‘combiners 6 allow the same input signal (or port) 1 to be

routed to multiple output ports 8. At low frequencies, the
power splitters are not needed for broadcast mode.

[0011] A disadvantage of the non-blocking crossbar-
switching network is that it contains the highest number of
interconnected swilches of existing methods known in the
ari. Furthermore, adding two swilches in paralle]l doubles the
complexity of the switch matrix.

[0012] Another solution decomposes an NxM switch
matrix into three or more stages of interconnected smaller
crossbar switch modules. As used hercin, decomposition
refers to a collection of signals that is partitioned and
distributed among multiple switches that are interconnected.
The architecture in this solution is intended for intercon-
nected switches in which the connection of an input 10 a
particular output is important. For networks having the same
number of outputs (M) as inputs (N) and an optimum
number of output modules (P), the switch count is approxi-
mately 4x22xN¥2_4xN. The architecture of this solution
has the isolation of two switches per connection when used
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with one switch per connection crossbar modules. Although
K for K' redundancy can be achicved in small increments, a
disadvantage with this architecture is that it consists of three
or more stages of interconnected switches and, therefore, 2
large number of switches.

[0013] Yet another solution utilizes binary decimations
and full broadcast. These binary architectures require
4N(log,(N)-1)+4M SPST switches using two switches per
connection. One disadvantage with binary architectures is
the use of 2x2 crossover switch modules, which have limiled
isolation because of the crossover geometry in high fre-
quency applications. Another disadvantage is that this archi-
tecture requires doubling the switch count, 1o provide a
preferred amount of redundancy capability.

[0014] Therefore, a need exists to reduce the size and
weight of the switch matrix. Significanily decreasing the
weight of a satellite communication system has the potential
of saving millions of dollars in production and implementing
costs.

[015] Although a need exists to reduce the size and
weight of a communication system an opposing need exists
1o increase the degree of isolation.

[0016] Additionally, in communication systerss, a need
exists to increase the number of signal paths in the switch
matrix thereby increasing the redundancy capability and
reliability of the communication system.

SUMMARY OF THE INVENTION

existing microwave swilch matrix architectures. The present

[0017]™ The-present-invention-has-several-advantages- overjpr"-scm invention.

. invention significantly decreases the number of intercon-

accted swilchcs requircd in'a switch matrix over the prior art
~while at the same time maintaining,the,required number of
signal paths for.a particular,. apphcati niWthh the con-

nccuon-of‘{ lilar ompul is not importaat.

The present invention, a lhough decreasing the number of
interconnected switches, also provides for increased degree
of isolation-and'redundancy capability bclwecn signal paths
within the switch_matrix.

[0018]

The forgoing and other advantages are provided by

§

a switch matrix comprising a plurality of first input inter- K

connections N, a plurality of sccond output micrconnccuonsx
M, a plurality of input modules X, and a plurality of output
modules P. Each input module has a group of input inter-
connections selected from the plurality of first input inter-
connections, a plurality of first interconnected switches, and
a plurality of first output interconnections. Each output
module has a plurality of second input interconnections, a
plurality of second interconnected switches, and a group of
output interconnections selected from the plurality of second
output interconnections. The plurality of first output inter-
connections is electrically coupled to the plurality of second
input interconnections. The plurality of input modules X are
electricaily coupled to the plurality of output modules P, to
form a plurality of signal paths having a plurality of inter-
connected switches K per signal path.

[0019] Additionally, a method for minimizing the number
of interconnected swilches Z is also provided. The method
comprises delermining the values of X and P and performing
an integer partitioning process.

06/28/2004,
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[06020] The present invention itself, together with further
objcets and attendant advantages, is best understood by
reference to the following detailed description, with refer-
ence 10 the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0021] For a more complete understanding of this inven-
tion reference should now be had to the embodiment(s)
illustrated in greater detail in the accompanying drawing(s)
and described below by way of (an) example(s) of the
invention.

{0022)

{0023} FIG. 1A is a conventional crossbar switch matrix
having a single pole single throw (SPST) switch at each
connection.

In the drawings:

[0024] FIG. 1B is a conventional crossbar switch matrix
having two SPST interconnected swilches at each connec-
tion.

[0025] FIG. 2 is a block diagamatic view of a switch
matrix in accordance with an embodiment of the present
invention.

[0026] FIG. 3 is a flow char illustrating a method, of
determining the minimum number interconnected switches
within a switch matrix in accordance with an embodiment of
the present invention.

[0027] FIG. 4 is a graph of relative switch couat vs.
calculated value y in accordance with an embodiment of the

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0028] Thc prescm iovention may be applied in vanous‘?
apphcallons such as satellite communication systems, tele-
phone networks; broadcast and non-| -broadcast syslems, sys-
tems having multiple Location Areas (LAS), World Geo-
detic (WGS), Space-way-like systems, Thuraya-like
systems, or other various communication systems.

[0029] Referring now to FIG. 2, one embodiment of the
present invention illustrating a switch matrix 10 is shown,
The switch matrix 10 comprises a plurality of inputs N and 1
a plurality of outputs M, The switch matrix 10 also com- #
prises a plurality of sighal paths 127 Each signal path has-a
firstinput-interconnection-14;an input module 16 connected
1o an output module 18, and a second output interconnection
20. Each signal path 12 also has a plurality of interconnected
switches K, per signal path 12, which are located within the
input_module IGMc output_modulc 18. The swnlch
matrix; lﬂ?gfn“brlscs *‘plﬁﬂny of input modulcs X and a

R 5 A 80C
plurahiy of output modules P — -~

[0030] Each input module 16 has a plurality of first input
interconnections 14 equal to P, a plurality of first intercon-
nected switches 21 within the input module 16, and a
plurality of first output interconnections 22 equal to K*P.

[0031] Each output module 18 has a plurality of second
input interconnections 23 equal to K*N/P, a plurality of
second interconnected switches 24 within the output module
18, and a plurality of second output interconnections 20
equal to M*P.

1.4.1
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_~[0032] All of the interconnceted switches located wilhiin:
.. the switch matrix 10 may be of various types and styles. The

‘first intérconnected switches 21 and the second intercon:

!

"~ necled, switches 24. may. be field;eflect transistor switches

%

v

\—_vcomprlsed only one inputmodule~16 havmg ten fl

(FETs), pin.diode swiiches, mechamcal switches, relays, or
other.switches Ln_oM the art./The first interconnected
switches 21 and the second interconnected switches 24 may
also be of the type known as integrated micro relay switches
used in micro electromechanical systems (MEMS). The
architecture of the first interconnecied switches 21 and the
second interconnected swilches 24 used in the present
invention without active components is inherently bi-direc-
tional, so inputs and outputs of the first interconnected
switches 21 and the second interconnected switches 24 may
be reversed.

[0033] In the embodiment illustrated the value of N is
greater than or equal to the value of M. A pair of first cutput
interconnections 22 from each input module 16 is preferably
connecled to a pair of second mpul interconnections. 23 of
each output module 18. For example, if the switch matrix 10}

utput
inlerconnections 22, the”inpul_inodule” 16 woild be - bon-
nected to five output modules 18: Each.output-module- 18

“Would be connected 1o @ pair-of firt output interconnections

22 out of the ten first output interconnections 22. There is
preferably no “doubling-up” on interconnections. In other
words, any single particular first output interconnection 22
is connected 10 a single particular second input interconnec-
tion 23. Although, the input modules 16 and the ocutput
modules 18 of the present invention are crossbar switch
modules having varying amounts of cross-connected inter-
connect switches, other switch modules may be used. The
present invention is architecturally efficient since it is com-
binatorial in that the order of the connections of any subset
from the input modules 16 to the output modules 18 is
immaterial.

[0034] Referring now to FIG. 3, a logic flow diagram
illustrating one example of a method for minimizing the
number of first interconnected switches 21 and the second
interconnected switches 24 within a switch matrix 10 for a
particular application is shown. ln the method shown, the
minimum numbers of input modules 16 and output modules
18 are also provided for the particular application. Addi-
tionally, the present invention determines the number of first
input interconnections N, first output interconnections 22,
second input interconnections 23, and the second output
interconnections M.

"- — [0035]For any panticular application the number ™ of

required first input interconnmections N and second oulpul—

(’ mlerconncchons M are provided. The-values ofiN:and M are |

based on the design requirements for the switch matrix 10 of
the particular applica SJknawn in_the art, there can be
an: mhmze,number of different sized matrices using ditferent
combinations of inputs and oulpuls ‘Another consideration;

"based on"the designrequiremernts of the particular applica-

tion, is interconnected switch count K per signal path 12.
The number of interconnected switches K desired per signal
path 12 is also therefore determined and is dependent upon
the desired degree of isolation and the redundancy capabil-
ity.

[0036] For non-broadcast applications, the minimum
value of K is 1-1/P. When K is greater than 1-1/P, then

Feb. 27,2003

1-1/P redundancy is achieved. For broadcast applications,
the minimum value of K is 2-1/P. When X is greater than
2-1/P, then 2-1/P redundancy is achieved.

[0037] In step 100, the number of output modules P is
calculated based on the predetermined values of N, M, and
K determined in step 1. The following expression has been
derived for the non-blocking broadcast switch matrix 10:

2K N*MYV"(pe1ly)
[0038] where Z represents the total number of first inter-

connected switches 21 and second interconnected switches
24 and:

y=PIMI2

[0039] Of course, a similar expression may be derived for
applications requiring different coonection combinations
between input modules 16 and output modules 18 as in
blocking or non-broadcast switch matrices. Arclative switch
count is calculated which is equal to Z divided by a truncated
integer value of Z. For example if Z equaled 5.0 then the
truncated integer value of Z would equal 5.

[0040] Referring now to FIG. 4, a curve 150 of y-vs. the
relative switch count is shown. Since the function y+1/y has
a minimum at y equal to one, as shown in FIG. 3, and since
the value of M is known, the value of P may be calculated
by setiing y equal to one and solving for P.

[0041] Referring again to FIG. 2, the number of input
modules is calculated by the relationship:

X=NiP

[0042] 1In step 102, an iterative process referred to as an
integer partitioning process occurs. The goal in step 104 is
to find integer values for the following four expressions:
K*P, N/P, M/P, and K*N/P, while keeping the valve of Z as
small as possible. The values of P and Z calculated in step
100, may be non-integer values. In practice however, the
quantity of interconnected swilches Z, first input intercon-
nections N, second output interconnections M, input mod-
ules X, and output modules P in a swilch matrix must be
integer values and therefore, may differ from the calculated
theoretical valucs.

[0043] At the beginning of the iterative process, N, M, and
K are all imteger values. N, M, and K should preferably
remain integer values throughout the integer partitioning
process but may be adjusted. In the integer partitioning
process the order by which integer values are determined for
different component parts of a swilch matrix may vary
depending on calculation case, cfficiency, and designer
satisfaction.

[0044] The Pvalue calculated instep 100 which represents
-~ the theoretical minimum total number of output modules P
in the switch matrix 10 is adjusted. If the value of P is not
an integer value then the value of P is rounded up to the next
closest integer value. For example if P cqualed 5.4 then P is
rounded to 6.0,

[0045] The next variable that is adjusted is Z, which
represents the minimum total number of interconnected
switches 21 needed in the switch matrix. This term is
adjusted in the same fashion as.P previously described.

[0046] After integer values for all the variables represent-
ing component parts within the switch matrix are deter-
mined, integer values for the four above expressions are

06/28/2004, EAST Version: 1.4.1
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determined. If the plurality of input modules X, the plurality
of first output interconnections 22, the plurality of second
input interconnections 23, and the plurality of second output
interconnections 20 which are represented by N/P, K*P,
K*N/P, and M/P, respectively, are not integer values, they
arc adjusted to be integer values. The four expressions are
adjusted, if necessary, in no particular order.

[0047] The value of N, M, K, and P may be adjusted to
allow N/P, K*P, K*N/P, and M/P to be integer values which
is why this process is sometimes iterative. Throughout this
process the goal is to have a minimum value for Z. Note that
although throughout this process the total switch count is
increasing, it is increasing by a relatively small number.
Referring again to FIG. 3, as y increases from 0.5 to 2.0 the
relative switch count only changes by approximately 25%.

TABLE 1

Feb. 27, 2003

[0050] The above-described apparatus and manufacturing
method, 10 one skilled in the art, is capable of being adapted
for various purposes and is not limited to the following
applications: satellite communication systems, phone net-
works, broadcast and non-broadcast systems, systems hav-
ing multiple Location Areas (LAS), World Geodetic (WGS),
Space-way-like systems, Thuraya-like systems, or other
various communication systems. The above-described
invention can also be varied without deviating from the true
scope of Lhe invention.

[0051] While particular embodiments of the invention
have been shown and described, numerous variations alter-
nate embodiments will occur to those skilled in the art.
Accordingly, i is intended that the inveation be limited only
in terms of the appended claims.

Comparison of Invention Switch Count with Prior Art

HSC MSM HSC Best Prior Architecture

Broad- Parmmeters Switch  Switch Ratio Prior

N M c¢st? K N M P NP MFP Count Count Prior/HSC Type
400 40 N 1 400 40 5 80 8 5200 9690 19 Clos
100 40 Y 2 100 40 S 20 8 2600 3232 1.2 Binary
750 49 N 1 750 50 5 150 10 11250 20008 1.8 Clos

750 & N 1 752 8 4 188 2 4512 6803 1.5 Clos

Note:

Based on 2 Switches per Connection & No Redundancy

{0048] a comparison of the total switch counts, for differ-
ent switch matrices having different input and output design
requirements, for the present invention and the prior art are
shown. Also the table shows the integer partitioning of the
present invention for the different switch matrices. The
present invention in every case has a much lower total
switch count as compared to the prior art. The apostrophe (')
in front of certain variables in the table signifies typical
integer values that satisfy the design requirements of the
particular communication system represented in the integer
value row. The values in the table are not theoretical
minimum values. Using the example of a 750 inputx49
oulput non-broadcast switch matrix, the theoretical switch
count is 10,500, while the actual minimum, due to the
requirements of integer partitioning is 11,250. The increase
in switch count between the theoretical value and the actual
value is only 7%. In contrast, an equivalent capacity prior art
switch matrix would require 20,008 interconnect switches.

[0049] The constructed cmbodiment in combination with
the above described method of the present invention there-
fore minimizes the number of interconnect switches within
a switch matrix while at the same time providing the desired
degree of isolation and redundancy capability. The present
invention, by significantly reducing the number of intercon-
nect switches over the prior art, reduces the weight of a
switch matrix by as much as 67% and reduces the costs
involved in production and implementation of a2 communi-
cation system.

What is claimed is:
1. A switch matrix comprising:

a plurality of first input intcrconnections (N);
a plurality of second output interconnections (M);

a plurality of input modules (X) wherein each input
module comprises a group of input interconnections
selected from said plurality of first input interconnec-
tions (N), a first plurality of interconnected switches,
and a plurality of first output interconnections, wherein
the sum of the input interconncctions in said groups of
input interconnections is equal to the total number of
first input interconnections (N);

a plurality of output modules (P), wherein each output
module comprises a pluralily of second input intercon-
nections, a second plurality of interconnected switches,
and a group of output interconnections selected from
said plurality of second output interconnections,
wherein the sum of the output interconnections in said
groups of output interconnections is equal to the total
number of sccond output interconnections (M);

wherein said plurality of first output interconnections is
electrically coupled to said plurality of second input
interconnections;

wherein said plurality of input modules (X) are electri-
cally coupled to said plurality of output modules (P), to
form a plurality of signal paths having a plurality of
interconnected switches (K) per signal path.

06/28/2004, EAST Vversion: 1.4.1
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2. A syslem as in claim 1 wherein the number of output
modules (P) is equal to the plurality of first input intercon-
nections (N) divided by said plurality of input modules (X).

3. A system as in claim 1 wherein each input module (X)
uses an equal number of input interconnections.

4. A system as in claim 1 wherein the number of input
interconnections in each group of input interconnections is
equal to the number of output modules (P).

5. A system as in claim 1 wherein each inputl module (X)
is electrically coupled 1o all output modules (P).

6. A system as in claim 1 wherein each plurality of first
outpul interconnections is equal 1o K*P.

A system as in claim 1 wherein each plurality of second

input interconnections is equal to K¥N/P.

7. A sysiem as in claim 1 wherein the number of output
intercornections in each outpul module is equal to said
plurality of second output interconnections (M) divided by
said plurality of output modules (P).

8. Asystem as in claim 1 wherein said first interconnected
switches of each of said input modules (X) comprises
switches sclected from the group comprising: field effect
transistor switches, pin diode switches, piezoclectric
switches, ferrite switches, and mechanical swiiches.

9. A system as in claim 1 wherein said second intercon-
nected swilches of each of said output modules (P) com-
prises switches selected from the group comprising: field
effect transistor switches, pin diode switches, piezoelectric
switches, ferrite switches, and mechanical switches.

10. A system as in claim 1 wherein said plurality of input
medule (X) and said plurality of oulput module (P) are
mcunted on a plurality of respective circuit boards.

11. A system as in claim 1 wherein said first intercon-
nected switches of each of said input modules (X) are
bi-directicnal..

12. A system as in claim 1 wherein said second intercon-
nected switches of cach of said output modules (P) arc
bi-directicnal.

13. A system as in claim 1 wherein the values of said N,
said M, said K, said P, K*P, K*N/P, N/P, and M/P are ¢ach
an integer value.

Feb. 27, 2003

14. A systcm as in claim 14 wherein the vatue of said P
multiplied by the value of said K*P is an integer value.

15. A system as in claim 14 wherein the value of said
K*N/P multiplied by the value of said M/P is an integer
value.

16. A method of minimizing the total number of inter-
connected switches (Z) within a switch matrix having a
plurality of first input interconnections (N}, a plurality of
input modules (X}, a plurality of output modules (P), and a
plurality of second output interconnections (M) comprising
the steps of:

determining the values of P and X; and

performing an integer partitioning process.
17. A method according to claim 17 further comprising:

providing a desired degree of isolation,
providing a desired redundancy capability; and

providing a quantity of interconnccted switches (K) per
signal path as a function of said degree of isolation and
said redundancy capability.
18. A method as in claim 17 wherein the step of deter-
mining the value of P comprises determining the value of P
as a function of a constant value y and the value of M.

19. A method as in claim 17 wherein the step of deter-
mining the value of X comprises determining the value of X
as a function of the values of N and P.

20. A method as in claim 17 wherein the step of calcu-
lating the value of X further comprises using a mathematicat
relationship, the value of N, and the value of P to calculate
for X.

21. A method as in claim 17 wherein the step of perform-
ing integer partitioning compriscs determining integer val-
ues for the quantity of: interconnected switches, swilch
matrix interconnections, input modules, and output modules.
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